Background: Insomnia occurs frequently in older adults. The underlying factors for the disorder are physiological changes of the sleep-wake cycle, comorbid diseases and drug treatment. Cognitive behavioural therapy (CBT I) combined with light therapy and physical activity can be effective in the treatment of comorbid insomnia in older adults. Methods: Sixty-three (63) insomnia patients (47 female, 16 male) with an average age of 66.6 years participated in the program. Before and after the treatment, the participants completed questionnaires to assess their sleep quality (PSQI), day-time sleepiness (ESS), mood (BDI) and well-being (WHO-5-Index). In addition, they kept sleep diaries for six weeks. Results: Pre-post comparisons revealed a significant improvement in sleep latency and sleep quality, as well as a significant reduction of day-time sleepiness. In patients with both insomnia and depression, all depression scores improved slightly but significantly. Conclusions: Non-pharmacological combination treatment using CBT I, light therapy and physical activity seemed to be effective in older adults with comorbid insomnia and improve additionaly depressive symptoms.
Introduction
The goal of this study is to proof the efficiency of the non-pharmacological combination treatment including CBT, light therapy and physical activity for older adults aged 58 and above who suffer from chronic comorbid insomnia.
Almost half of all people aged over 65 are suffering from insomnia [1] - [7] . Their main complaints are difficulties with falling and/or remaining asleep and increased day-time sleepiness [8] . This insomnia can be caused by several age-related changes [9] - [11] . The reasons for the high prevalence of insomnia among older adults include physical and mental comorbid diseases and the use of medications [11] - [13] . It is difficult to assess retrospectively whether psychophysiological insomnia or physical illness occurs first. The data from the American EPESE longitudinal study with a three-year follow-up (National Institute on Ageing's established Population of Epidemiologic Studies of the Elderly) confirmed that 57% of elderly people suffer from at least one chronic sleep disorder, and the data indicate a close connection between insomnia and the occurrence of depressive mood, breathing disturbances, poor health and restricted physical capability [10] [14] .
Another reason for aging-related changes in the sleep profile may be traced back to changes in sleep-wake regulation [15] . In both younger and older insomnia patients, melatonin levels are lower than in healthy people. With the increasing age, the amount of released melatonin decreases [16] [17] , which causes changes in the sleep-wake cycle that appears as forward displacements of the sleep phase and a reduction in the amplitude of day-night oscillations. In addition, insufficient bodily activity in older people also contributes to the occurrence of insomnia symptoms. Figure 1 shows a summary of the reasons for the increased occurrence of sleep disorders in older adults.
According to prospective studies [6] [7] , insomnia has a significant association with depression. Between 70% and 90% of patients with medium to severe depression suffer from severe sleep disorders. These mood disorders also correlate with anxiety symptoms and an increased risk for suicidal behaviour [18] .
Increasing severity of sleep disorders is associated with an increased risk of a subsequent depressive condition [19] .
Cognitive-behavioural therapy appears to be the most effective non-pharmacological therapy of insomnia. It includes several behavioural-therapeutic techniques such as sleep hygiene, stimulus control with bed-time restriction and cognitive restructuring [20] - [23] . There is good evidence for a positive therapeutic effect of each component of the behavioural-therapeutic measures such as stimulus control or sleep restriction, as well as for combination treatment consisting of cognitive-behavioural therapy with different muscular relaxation techniques [24] . Moreover, the effectiveness of each single technique has been examined as well: muscle relaxation technique, imaginery technique, sleep hygiene, sleep education, physical exercise, physical activity, massage and light therapy. The evidence-based criteria for good efficiency exist mostly for sleep restriction and sleep compression as single techniques [2] .
Similarly, the best evidence for the non-pharmacological insomnia treatment in older adults exists for sleep restriction/sleep compression and stimulus control [25] - [30] .
In particularly, the method of stimulus control appears to be effective which results in both the remission of insomnia in older adults and the long-term effects of up to two years [31] .
Other single techniques as muscle relaxation therapy, meditation, bio-feedback, diaphragm breathing and visualisation have been widely used as a part of cognitive-behavioral treatment of insomnia with uncertain effect [2] [28] .
Physical exercise and sports have shown a positive effect on the time to fall asleep and the quality of sleep in older adults, but there are no significant improvements in sleep efficiency. Moreover, the physical activity contributes to an improved quality of life through better sleep and other factors [32] - [34] .
Light therapy has been also used as supportive method in insomnia treatment and requires that the patient spends approximately two hours each day in front of a light unit with an exposure to light of up to 10,000 lux. The timing of the light exposition should be aligned to the sleep-wake rhythm of the patient.
The effect of heliotherapy is supported by studies, which essentially consist of the application of light in the evening between 7 and 9 o'clock [35] - [37] .
The non-pharmacological measures used have been demonstrated not only to improve the symptoms of primary insomnia, but also to alleviate and even prevent depressive symptoms in patients suffering from comorbid insomnia [19] [38]- [41] .
Methods
Assessment was based on the data of 63 patients (47 female, 16 male) aged between 58 and 90 years (average age 66.6 years) diagnosed with primary or secondary non-organic insomnia (F51.0) who participated in group sleep treatment for older adults. The 63 patients were recruited from seven treatment groups over a period of four years (2005) (2006) (2007) (2008) (2009) ) at the Center for Sleep Medicine, Nuremberg Hospital. The group sleep training sessions were offered twice a year (spring and autumn). The groups consisted of seven to ten patients. Informed consent was obtained from the participators.
The group sleep training covered a period of 10 weeks with six group meetings taking place at bi-weekly intervals. Before starting the group therapy, the patients had a consultation with a psychiatrist. The group meetings were chaired by psychiatrist and psychologist and had a duration of 90 minutes. In these meetings, participants were informed about the sleeping habits conducive to sleep ("sleep hygiene" and "stimulus control", modified sleep restriction) and rituals to aid in falling asleep. Moreover, they learned methods for physical and mental relaxation (progressive muscle relaxation using the Jacobson method as well as meditation [42] .
After the fifth group meeting, a five-day "activation week" followed, during which participants met on a daily basis for light therapy in the morning (group setting, 45 minutes by 10,000 lux) followed by a joint activity (dance therapy, Nordic Walking, exercise, excursions and museum visits) ( Table 1) . Both the light therapy and the activating physical activities were performed to re-stabilise the sleep-wake rhythm of the elderly patients.
All patients were asked not to alter their medication during the training unless in the case of an urgent medical indication. Likewise, patients were asked not to initiate psychotherapy during the course of the sleep training.
The statistical analyses is based on the instruments listed below. The included case numbers differ depending on the existing database (between 39 and 47 cases). As a success control, a psychometric examination was conducted both before and after the training covering the parameters of sleep quality (Pittsburgh Sleep Quality Index, PSQI) [43] , day-time sleepiness (Epworth Sleepiness Scale, ESS) [44] , depressive symptoms (Beck Depressions Inventory, BDI or BDI II) [45] [46] and general well-being (questionnaire on general well-being, WHO-5) [47] . The BDI was administered to the patients from the first five groups. The other two groups received the revised version BDI II. Moreover, participants started keeping a sleep diary two weeks before the beginning of the group sleep training and kept it throughout the entire therapy period. Pre-post-comparisons were conducted with regard to the sleep protocols as well as total scores and sub scores of the questionnaires used (t-test for dependent samples). Because of the low number of samples for the comparison of the mean values of the BDI II, a Wilcoxon test was performed. We used SPSS 14.0 for the calculation of the data. 
Meaning of light and activity for the sleep-wake rhythm
Activation week: light therapy in the morning for five consecutive days followed by group activities (e.g. Nordic Walking, gymnastics, visits to museums, guided city tours, dance therapy) 6th group meeting: Final Meeting Evaluation of current progress and setbacks Prevention: How will I deal with spells of sleeplessness in the future?
Results
The pre-post-comparison of the mean values of the ESS, the PSQI and the subscores on sleep quality and sleep latency revealed significant improvements after the cognitive-behavioural treatment in the group setting (Alpha error level after Bonferroni correction was 0.0028) (Table 2, Figure 2) . The BDI score improved and almost reached the non-pathological score level for 34 patients, and the BDI II score reached the non-pathological score for 14 patients (Table 2, Figure 2) . The patient Who-5 scores also improved to non-pathological score levels.
The pre-post-comparison of the mean values of the central components of the sleep protocols (day sleep, sleep latency, frequency of waking up, time awake, total time in bed, total sleep time, sleep efficiency) displayed no significant differences after Bonferroni correction ( Table 3) .
The comorbid psychiatric diagnoses based on ICD-10 are follows: 26 cases of depressive episode (ICD-10: F32), 20 cases of recurrent depressive disorder (ICD-10: F33). In addition, there was one case each of dysthymia (ICD-10: F34.1) and bipolar disorder (ICD-10: F31). The most common comorbid diagnoses among physical illnesses were sleep apnoea syndrome (N = 17) and hypertension (N = 20) ( Table 4) . Tricyclic antidepressants (N = 19) and atypical benzodiazepines (N = 16) were the most taken drugs ( Table 4 ).
Discussion
Older Adults frequently suffer from difficulties with falling and/or remaining asleep [1] [7] . These issues are often connected with a lack of well-being, increased day-time sleepiness and cognitive disorders. Sleep disorders are related to increased morbidity and mortality. Therefore, healthy sleep is an essential precondition for maintaining the physical and mental performance and health of elderly people.
The ageing process does not cause sleep disorders, but it may be considered a risk factor for the occurrence of sleep disorders.
Long-term pharmacological therapy with hypnotics is not advisable because of the habituation effect and the risk of addiction [25] . Data prove that drug treatment is the most frequent form of therapy for sleep disorders in older age despite the concomitant problems. Before drug treatment is initiated, however, the possibilities of treating insomnia by non-pharmacological treatments should be considered and administered before or in combination with drug treatment. Treatment of sleep disorders will not be successful unless combined with sleephygienic and further non-pharmacological measures [7] [11] .
Light therapy and behavioural-therapeutic measures are important elements of a multimodal treatment setting for insomnia, whereas sleep hygiene should include regular social and physical activity [37] . Table 4 . Frequency and percentage data of the comorbid disorders and medication at the beginning of group training (based on the total sample N = 63). All measures resulting in an accentuation of the day-night-rhythm are indicated in older adults with insomnia. These are primarily day structuring, physical activities in the day, avoidance of long day-sleep, and avoidance of early bedtimes [33] .
Comorbid diseases N (%)
The most prominent complaints of our patients were difficulties with falling to asleep as well as day time sleepiness. According to the results of the ESS, PSQI and sleep diaries, these two complaints improved significantly, and the time needed to fall asleep was shortened to nearly 30 minutes according to the subjective measures (Sleep diary and PSQI).
However, the analysis of the sleep diaries revealed very low sleep efficiency before as well as after the treatment, whereas sleep efficiency also improved according to the PSQI. The patients spent 8 hours in bed and slept approximately 5.5 hours, which is a very short duration. Therefore, we sought to determine the reason for the improvement of tiredness and sleep quality.
We assume that the subjective improvement of the sleep and daily tiredness can be explained by the fact that 48 (76.2%) of the patients suffered from light depression at the beginning of the treatment.
After the treatment, the BDI score of 34 patients as well as their WHO-5 score improved and reached an almost non-pathological value, which could explain the positive subjective estimation of sleep (quality) and daily tiredness.
Additional reasons for this subjective improvement include the daily light therapy in the fifth week of the treatment and the social group factors before the end of the treatment.
We conclude that the non-pharmacological combination treatment consisting from CBT, Light Therapy and physical activity can be effective in the Treatment of comorbid insomnia in older adults. In addition, we conclude that a combination of CBT, light therapy and physical activity can also improve the clinical outcome of depression.
We recommend a controlled study trial to verify the effects of the treatment of comorbid insomnia in older adults, using a combination of CBT, bright light, and physical activity with the aim to confirm the efficacy of the combination treatment.
Limitations
First limitation is that there was no control group due to the naturalistic design of the study. Furthermore, the clinic changed its psychometric standards in connection with general changes in the field, resulting in a switch over from the BDI to the revised BDI II.
Another limitation is the lack of compliance of questionnaire completion. These were used for the psychological assessment, statistical analysis (with an impact because of missing data) and in the implementation of the CBT techniques (modified reduction of the time spent in bed). 
